Summary. Testis diameter and body weight were recorded from 6 to 76 weeks of age in ram lambs from two established lines selected for high (H) and low (L) testis size. While testis growth was greater in the H line up to 14 weeks of age (P <0\m=.\001),body weight was significantly lower, with the L line rams being 10 kg heavier by 76 weeks. There were no differences in plasma LH up to 20 weeks of age, but FSH concentrations were significantly lower at 14 and 20 weeks in the H line. Testosterone concentrations were not significantly higher in the H line from 6 to 20 weeks. In lambs castrated at birth, significantly higher FSH values were recorded from 6 to 20 weeks of age in the H line (P <0\m=.\001) whereas there was no difference in LH concentration at 6 and 10 weeks of age between the lines. At 14 and 20 weeks, however, the concentrations of LH were greater in the H than L line lambs (P <0\m=.\05). After hemicastration at 6 weeks of age, the rate of growth of the remaining testis in the L line lambs was significantly faster than in entire lambs of that line from 10 to 20 weeks (P <0\m=.\05at 10 weeks to P <0\m=.\001 at 20 weeks). There was no difference in the rate of testis growth between the entire and hemicastrated lambs from the H line from 6 to 12 weeks of age.
Introduction
It has been postulated by Land (1973) that selection for a reproductive trait in the male could alter reproductive performance in the female and vice versa. This hypothesis was supported by Islam, Hill & Land (1976) who showed that in lines of mice selected for increased ovulation rate, male offspring had increased testis size. Conversely, genetic selection for testis size in the male was subsequently found to change fertility in the female.
The change in testis size after selection for ovulation rate in Finnish Landrace sheep (Hanrahan & Quirke, 1982) and litter size (Knight, 1984) gives support to the hypothesis that the same genes were responsible for variation in gonadal activity in both sexes (Hanrahan & Quirke, 1982) . How¬ ever, other studies in sheep, for example that of Ricordeau, Blanc & Bodin (1984) , show gonadal activity in the two sexes to be genetically independent. In addition, testis growth is similar in Merino rams with or without the single high prolificacy Booroola alíele (Bindon, 1984) . Selection for ovulation rate in the pig indicated a positive genetic correlation (Schinckel, Johnson, Pumfrey & Zimmerman, 1983) , boars from the high ovulation rate line having testes 9-15% heavier than controls.
The development of a practical criterion for the presence of alíeles which have a favourable effect on female reproductive performance, but which could be measured in a male, would poten¬ tially double the rate of response to genetic selection (Walkley & Smith, 1980) . The possibility that juvenile testis size might be such a useful criterion is being assessed by measuring the reproductive performance of lines of sheep selected for testis size (Land, Carr & Lee, 1980) . While the number of lambs born per female has increased in the line selected for large testes, the change in the number of eggs shed has been small while other traits such as the onset of breeding season and female fertility have changed even though they were not expected to do so (Lee & Land, 1984) .
To achieve a better understanding of genetic variation in the physiological processes underlying reproductive traits, the physiological response to the selection of sheep for juvenile testis size has been investigated in terms of both the endocrine control of testis growth and the effect of the testes on body growth and seasonal changes in body weight.
Materials and Methods
Animals. The study was carried out on ram lambs of the Finn-Dorset strain previously selected phenotypically into two lines for high (H) and low (L) juvenile testis diameter. Selection was based on testis diameter at 6, 10 and 14 weeks of age adjusted for body weight by regression analysis at each age. Divergent lines selected for large and small testes were formed and selection among males has continued within the lines for 9 years (Land et al., 1980 Hormone assays. Peripheral plasma LH concentrations were measured using a modified doubleantibody radioimmunoassay described previously (Martensz, Baird, Scaramuzzi & Van Look, 1976; Webb, Baxter, Preece, Land & Springbett, 1985) . FSH was assayed using a heterologous radioimmunoassay (McNeilly, McNeilly, Walton & Cunningham, 1976) . Sequential samples from all animals were measured in a single assay to avoid inter-assay variation between sampling occasions. The sensitivity of the assays was 0-5 ng (NIH-LH-S18)/ml and 12-6 ng (NIH-FSH-S10)/ml. The intra-and inter-assay coefficients of variation were 6-2 and 11-8% and 91 and 12-1% for LH and FSH respectively.
After solvent extraction testosterone was measured in a double-antibody radioimmunoassay using a sheep anti-testosterone antiserum (raised in a sheep against testosterone-3-carboxymethyloxime; Land, Morris, Baxter, Fordyce & Forster, 1982) and 125I-labelled testosterone-3-carboxymethyl-oxime-histamine (kindly supplied by Dr G. D. Nordblom, University of Michigan, U.S.A.). The assay only cross-reacts significantly with 5a-dihydrotestosterone (12-1%) and androsterone (3-3%). All other steroids tested showed <001% cross-reaction. Recovery of testosterone (10-200pg) added to ovine plasma was 81-4% (C.V. = 004%; w = 160). The sensi¬ tivity of the method was 005 ng/ml and the intra-and inter-assay coefficients of variation were 4-9 and 7-2% respectively.
Statistical methods. All data on hormone levels were converted to logarithms before analysis. Mean levels were compared by Student's / tests. The definition of a pulse and the calculation of the amplitudes of all such pulses has been described in detail by Webb et al. (1985) . The regressions of testis growth on age and body weight were calculated using Harvey's least squares programme (Harvey, 1966) . The differences between slopes were compared by F-tests.
Results

Testis and body weight
The mean testis sizes for the ram lambs in Group 1 are shown in Fig. 1 (b) and the mean body weight for the entire and castrated animals in each line in Fig. 1 The between-line difference increased with age.
Castration had a different effect on body weight in the two selection lines. In the L line, the castrated lambs were mostly 2-4 kg lighter than entire lambs from 10 to 32 weeks of age. However, these differences were only significant at 28 (P <001) and 32 (P <005) weeks. Although not statistically significant, castrated animals in the H line were generally about 2 kg heavier from 10 to 28 weeks, after which there was no difference in weight between the entire and castrated animals.
After hemicastration at 6 weeks of age (Group 3), the growth of the remaining testis in the H line lambs was similar to the mean testis growth of entire H line lambs from 6 to 12 weeks of age (Fig. lc) . From 14 to 20 weeks of age, the remaining testis in the H line animals grew significantly faster than that in entire animals of this line (P <001). However, testis growth in the L line hemicastrated lambs was significantly faster than that in the entire L line lambs from 10 to 20 weeks, the difference in diameters being significant at all 4 sampling times (P <005 at 10 weeks, <005 at 12 weeks, <001 at 16 weeks and <001 at 20 weeks). There was no significant difference between lines in the rate of growth of the remaining testis from 6 to 12 weeks. At 14 weeks of age, the remaining testis of line lambs was significantly bigger than that in L line lambs ( <005). weeks of age. Table 2 ). In entire animals, the amplitude of the LH pulses was greater in the lambs of the L than the H line (P <001). The frequency of pulses was, however, the same in the two lines. The apparently lower mean concentration in the H line lambs at 10 weeks may therefore be meaningful despite not being significantly different. In the castrated animals, mean levels of plasma LH were similar in both H and L lines at 6 and 10 weeks of age, but at 14 and 20 weeks, there were signifi¬ cantly higher levels in the H line ( Fig. 2b; <0·05 ). At 10 weeks of age, LH was released in pulses of high amplitude and low frequency in the L line but in very frequent pulses of low amplitude in the line (Figs 2d & 2c, respectively) .
Follicle-stimulating hormone
In the entire animals, there was no difference in mean plasma FSH concentrations at 8 and 10 weeks between the two lines (Fig. 3a) . However, at 14 and 20 weeks of age, FSH values in the low L line animals were significantly greater than in the line (P <0-01). By contrast to the relatively similar concentrations in the entire animals of the two lines, FSH concentrations in the line animals were significantly greater (P < 0-001) than those in the L line at all sampling periods in the castrates (Fig. 3b ).
Testosterone Figure 4 shows the mean concentrations of testosterone in the and L selected ram lambs. While the line lambs produced higher mean values of testosterone than did those of the L line in samples collected at hourly intervals throughout the experimental period, these were not signifi¬ cantly different, probably because of the pulsatile pattern of testosterone release, with consequent large variations in concentration. 
Discussion
Selection on the basis of testis size in young Finn-Dorset ram lambs has caused two divergent lines to be established with not only an alteration in the rate of testis growth, but also changes in the rate of body growth. Ram lambs from the H selected line had testes which reached the maximum size during the first year of age, about 6 weeks before the lambs from the L line. This indicates that selection has favoured a faster developing although not a larger mature gonad as testis size was similar for the 2 lines by 20 weeks of age. As a consequence of this, body weight appears to be Conversely, in boars selected phenotypically on the basis of testis size, the mature animals with the larger testes were significantly heavier (Schinckel, Johnson & Kittok, 1983) . Therefore, although both boars and ram lambs were selected on testis size, the faster developing testis, pro¬ portional to body size, in the ram lambs could have significantly retarded the rate of body growth. Differences in both testis size and body weight were already significant by 6 weeks of age, when the testis is relatively immature (Carmon & Green, 1952; Schanbacher, Gomes & VanDemark, 1974 Waites, Wenstrom, Crabo & Hamilton (1983) who observed that hemicastration within 7 days of birth caused the remaining testis to increase rapidly in size up to 12 weeks of age. The H line, which had the greater rate of testis growth showed the lesser response to hemicastration; this agreed with the response to hemicastration in breeds with a naturally greater rate of testis growth (Land & Carr, 1975) .
Mean gonadotrophin and testosterone concentrations were similar at 6 and 10 weeks of age in the entire ram lambs despite differences in testis size. The patterns of pulsatile LH release in the two lines were also similar at these ages and are in agreement with those observed by Foster et al. (1978) in entire ram lambs at 8 weeks of age. When the H line testis was growing most rapidly between 10 and 14 weeks of age, FSH secretion was significantly lower than in the L line animals, possibly due to the negative feedback of increasing levels of gonadal steroids and inhibin (Blanc & Terqui, 1976) . However, even when the L line testis growth was at a maximum, the negative feedback effect of gonadal products did not depress the FSH levels to that of the H line. This therefore raises the ques¬ tion as to the importance of small changes in FSH concentrations in the control of testis growth. At 14 and 20 weeks of age, decreasing photoperiod was probably exerting an effect on gonadotrophin concentrations. In previous studies (Lincoln, Peet & Cunningham, 1977; Lincoln, 1979) Lincoln (1978) . In contrast, the pattern of pulsatile LH secretion in the castrated L line animals at 10 weeks of age was typical of entire rams on a long-day photoperiod (high amplitude, low frequency) when there is little or no testis growth. Whether the pattern of LH pulsatile release in the L line animals will change to the more frequent, low-amplitude pattern at 14 weeks of age when testis growth in the entire animals of this line would be at a maximum is not known. It is possible that the LHRH pulse generator is less sensitive to changes in photoperiod at 10 weeks of age in the L line lambs than in those of the H line. However, D'Occhio, Schanbacher & Kinder (1984) found differences in LH pulsatility between breeds in mature rams during short daylengths when there was rapid testis growth.
In conclusion, the H line ram lambs are faster maturing than those in the L line which ultimately leads to a significantly smaller adult size although there are no differences in mature testis size. The present investigation demonstrates an inherent difference in hypothalamic/pituitary activity controlling FSH release which is already established by 6 weeks of age.
